[1] Gross community production (GCP), dark community respiration (DCR), and the biomass of the different size classes of organisms in the microbial community were measured in the northeastern Atlantic basin as part of the Programme Océan Multidisciplinaire Méso Echelle (POMME) project. ). The onset of stratification depended on latitude as well as on the presence of mesoscale structures (eddies), and this largely contributed to the variability of GCP. The trophic status of the POMME area was defined as net autotrophic, with a mean annual net community production rate of +38 ± 18 mmol O 2 m
Introduction
[2] The oceanic ecosystem contributes to approximately half of the primary production of the biosphere [Field et al., 1998 ]. The balance between gross primary production and community respiration in oceanic systems determines whether the biological pump acts as a net source or sink of carbon [Williams, 1993] . However, this balance is variable with geographical, temporal and seasonal scales [Geider, 1997; del Giorgio et al., 1997; Williams, 1998; Duarte and Agusti, 1998; del Giorgio and Duarte, 2002] , highlighting the need to study ecosystem functioning over smaller scales in order to determine the trophic status on a global scale [Serret et al., 1999; González et al., 2001 González et al., , 2002 .
[3] Microbial community production and respiration depend on the trophic structure and its effect on ecosystem functioning [Azam et al., 1983; Cotner and Biddanda, 2002] . More recently, comparative analyses in aquatic microbial ecology have focused on community functioning in relation to the structure and dynamics of the food web. This is dependent on temperature, nutrient availability and the abundance and productivity of primary producers [Gasol and Duarte, 2000] .
[4] The controlling variables are affected by the surrounding hydrodynamics. For example, physical processes control the injection of nutrients into the productive layer [Falkowski et al., 1991; Oschlies and Garçon, 1998 ]. Turbulence controls the microbial community structure [Margalef, 1978] , food web interactions [Cullen et al., 2002] , and light availability [Rodríguez et al., 2001] .
[5] This study focuses on an ecosystem located in the north east Atlantic Ocean, between the Azores and Portugal. The area is characterized by the formation of northeast Atlantic modal waters in winter and their subsequent subduction in spring [Paillet and Arhan, 1996] , and presents a number of cyclonic and anticyclonic eddies [Arhan et al., 1994 ]. An abundant supply of nutrients stimulates the ecosystem productivity, making this area one of the most biologically productive regions [Falkowski et al., 1991; McGillicuddy et al., 1998; Oschlies and Garçon, 1998 ].
[6] Biological fluxes were studied during the Programme Océan Multidisciplinaire Méso Echelle (POMME) project. Microbial community production and respiration in this area have previously been studied using data of production and respiration from surface water (5 m [Maixandeau et al., 2005] ). This previous study has highlighted the seasonal cycle and mesoscale variability of the microbial community production and respiration in relation with the hydrological context and the time lag between the two processes [Maixandeau et al., 2005] .
[7] In this study, several parameters were analyzed simultaneously to provide an overview of the microbial ecosystem functioning: (1) vertical fluxes of gross community production (GCP) and dark community respiration (DCR) rates and (2) microbial community composition, based on estimates of autotrophic and heterotrophic biomasses of the main components of the microbial food web (for heterotrophs: bacteria, flagellates and ciliates, and for autotrophs: picophytoplancton, nanophytoplancton, dinoflagellates, coccolithophores, diatoms and silicoflagellates). These parameters were measured in winter, spring and late summer within selected hydrodynamical structures. We attempt to explain the spatial variability of biological processes with respect to particular hydrodynamical features and to the structure of the microbial community at the different seasons and finally we determine the trophic status of the area.
Materials and Methods

Study Area
[8] This study was carried out during the POMME project in the region between the Azores and Portugal (Figure 1 ). The study area covers the North Atlantic Drift Province (NADR) and the transition zone from the NADR to the warmer and more saline waters of the eastern part of the North Atlantic Subtropical Gyre Province (NAST (E)) [Longhurst et al., 1995] . This area is characterized by the formation of mesoscale eddies and by the subduction of modal waters during the thermocline installation. The The rectangle represents the study area, and the dotted line indicates the approximate zone of discontinuity in the winter mixed layer depth. Oceanographic cruises are as follows: POMME 1 (leg 2, 27 February -20 March 2001), POMME 2 (leg 2, 16 April -7 May 2001), and POMME 3 (leg 2, 17 September -10 October 2001). POMME project consisted of three oceanographic cruises in winter (P1), spring (P2) and late summer -fall (P3) 2001 . Each cruise consisted of two legs. During the first leg of each cruise, Eulerian sampling was carried out over 20 days for 79, 81 and 83 stations during P1, P2 and P3. Maixandeau et al. [2005] reviews the surface layer data from legs 1 whereas this study focuses on data collected during legs 2 (Table 1) . During the second leg of each cruise, a Lagrangian sampling strategy was carried out; 8 depths were sampled in the upper 100 m in four different hydrodynamical structures. The different mesoscale structures were identified as well as their weekly displacement throughout the POMME survey resulting in a nomenclature of mesoscale structures . The hydrodynamical structures were followed by the deployment of a drifting sediment trap for 48 h at each site (Figure 2 ). Site positions were defined using the Système Océanique de Prévision en Atlantique Nord-Est (SOPRANE) circulation model which was updated with conductivity-temperature-depth (CTD) data from leg 1 and by using an acoustic Doppler current profiler (ADCP) transect carried out simultaneously in the area during the second leg. The hydrological context for each site is summarized in Table 1 . This study focuses on two anticyclonic eddies (A1 and A2) and one cyclonic eddy (C4) that were visible during more than one cruise (A1, 10 months; A2 and C4, 6 months).
[9] Sampling was carried out using a Seabird 1 SBE 9 CTD rosette sampler equipped with 21 12 dm 3 Niskin bottles. Prior to the first sampling, the Niskin bottles were cleaned with 0.2% HCl and rinsed with distilled water. Rubber O-rings were replaced with Viton 1 and the original rubber tubes replaced with silicon to minimize contamination by organic materials.
Biological Fluxes
[10] Rates of gross community production (GCP), dark community respiration (DCR) and net community production (NCP) were estimated from changes in the dissolved oxygen concentration over 24 hour incubations which were carried out on an in situ rig. During legs 2, rates were measured at up to eight depths (5, 20, 30, 40,50,60,80 and 100 m) , to cover the euphotic zone. Three sets of four replicates were collected into 125 cm 3 borosilicate glass bottles. A first set of samples was fixed immediately (using Winkler reagents) to measure the oxygen concentration at time 0; the second set was packed in an opaque dark material to ensure a total obscurity; no modification was made to the last set. The samples from the last two sets were placed on an in situ rig, to the depth at which they were sampled, and incubated for 24 hours, from 0600 LT to 0600 LT the following day, prior to being fixed. Dissolved oxygen concentration was measured using an automated high-precision Winkler titration system linked to a photometric end point detector [Williams and Jenkinson, 1982] . NCP was calculated as the difference in the dissolved oxygen concentration between ''light'' incubated samples and ''time 0'' samples. DCR was calculated as the difference between ''dark'' incubated samples and ''time 0'' samples. DCR rates are expressed as a negative O 2 flux. GCP is the difference between NCP and DCR [Gaarder and Gran, 1927] . Results presented in this study are integrated data over the upper 80 or 100 m, depending on the last sampled depth. Standard errors on the rates are calculated from the standard deviation of quadruple samples sets. À ) were collected into 20 cm 3 polyethylene bottles that had been prerinsed with 10% hydrochloric acid. Samples were analyzed immediately after sampling using a Technicon Auto Analyser following the protocol of Armstrong et al. [1967] and Tréguer and LeCorre [1975] . We refer to the total dissolved inorganic nitrogen (DIN) as the sum of (NO 3 À , NO 2 À , NH 4 + ). The depth of the euphotic layer (Z e ) was calculated from the concentration of total chlorophyll a (Tchla) profiles using the model developed by Morel and The position of each site was defined during the cruise with the model of hydrodynamical circulation Système Océanique de Prévision en Atlantique Nord-Est (SOPRANE). Abbreviations are as follows: HS, hydrodynamical structure; Z m , mixed layer depth (m ± sd, n); Z e , euphotic layer depth (m ± sd; n); DIN, average concentration in the mixed layer (mmol dm 
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. Values were estimated from the average of the vertical profiles carried out at each site and where Z e was determined.
Flow Cytometry Analyses
[12] Collected seawater samples were preserved in paraformaldehyde (2% final concentration), frozen and stored in liquid nitrogen until analysis in the laboratory. The abundance of Prochlorococcus, Synechococcus, pico-and nanophytoplankton and high and low nucleic acid bacteria (HNA and LNA, respectively) were determined using flow cytometry (Cytoron Absolute, Diagnostic System) as described by Grégori [2001] and Dubreuil [2003] .
Microphytoplankton Abundance
[13] Samples were collected in 125 cm 3 inactinic bottles and fixed with Lugol for diatom enumeration and with formol for flagellate and coccolithophore counts [Throndsen, 1978] . Identification and enumeration of the main phytoplankton groups (diatoms, coccolithophores, silicoflagellates, dinoflagellates) were conducted in a sedimentation chamber (50 cm 3 ) at 100Â, 200Â and 400Â magnifications using an inverted microscope (Nikon, TE 300 according to Utermöhl [1931] ).
Ciliate and Heterotrophic Nanoflagellate Counts
[14] For ciliate enumeration, 250 cm 3 samples were obtained from eight depths in the surface layer (0 -100 m). After gentle mixing, the samples were fixed with boraxbuffered formaldehyde 2% (final concentration) and stored in the dark at 4°C until analysis in the laboratory. Subsamples of 100 cm 3 were concentrated by sedimentation. Cells were counted using epifluorescence microscopy on an Olympus IX-70 inverted microscope at 400Â. Correction factors were applied in order to compensate for cell losses due to fixation [Karayanni, 2004] . To enumerate heterotrophic nanoflagellates (HNAN) 20 -30 cm 3 samples were fixed with 1% (final concentration) ice-cold glutaraldehyde. Samples were filtered onto 0.6 mm polycarbonate filters, stained with DAPI and stored at À20°C until counting. HNAN were enumerated using an Olympus PROVIS epifluorescence microscope at 1000Â. This group of organisms (heterotrophic nanoflagellates and ciliates) is referred as ''micrograzers.''
Biomass Estimations
[15] The abundance of Synechococcus and Prochlorococcus was converted into carbon biomass using the estimations of 250 fg C cell À1 [Kana and Glibert, 1987] and 49 fg C cell À1 , respectively [Caillau et al., 1996] . The abundance of different microphytoplanktonic groups were converted into biomass according to Strathmann [1967] . Average coccolithophores biovolumes were 523 mm 3 , during P1, P2 and P3. Average biovolumes for dinoflagellates were 7559 mm 3 during P1, and P3, 1840 mm 3 during P2 at site 2 and 3, 12432 mm 3 during P2 at site 1, and, 11867 mm 3 during P2 at site 4. Diatoms biovolumes were varying upon the cruise: 4710 mm 3 during P1, P2 and P3 (A2 and A3-1), 57 mm 3 during P3 (C4), 2384 mm 3 during P3 (vicinity of C4). Silicoflagellates biovolumes were the same for all three cruises: 1766 mm 3 . Biovolume conversion into carbon biomass were log C = 0.758(log V) À 0.422 for diatoms and log C = 0.866(log V) À 0.460 for other phytoplanktonic groups [Strathmann, 1967] .
[16] Bacterial abundance was converted into carbon biomass using a factor of 15 fg C cell À1 [Caron et al., 1995] . Biovolumes for all ciliate taxa, heterotrophic and autotrophic nanoflagellates were calculated using the linear measured dimensions of cells, and equations were applied depending on cell shape (sphere, prolate spheroid or cone) [Karayanni et al., 2005] . The biovolumes for picoeucaryotes were calculated assuming an average diameter of 1.8 mm. Biovolumes of heterotrophic and autotrophic nanoflagellates and autotrophic picoeucaryotes were then converted into biomass by applying a conversion factor of 220 fg C mm À3 [Børsheim and Bratbak, 1987] . Biovolumes of ciliates were converted into biomass using a conversion factor of 190 fg C mm À3 . For autotrophic nanoflagellates (PNAN), we used cytometric counts but applied a mean biovolume cell factor per cruise obtained by measuring cells by epifluorescence microscopy. Final conversion factors were 0.67 pg C cell À1 for picoeucaryotes; 5.67, 3.95 and 3.50 pg C cell À1 for autotrophic nanoflagellates in winter, spring and late summer, respectively. Results presented for bacterial biomass are integrated data over the upper 80 or 100 m, the depth on the last depth sampled.
[17] The relative error associated with the estimates of autotroph and heterotroph biomasses was 15% for the HNAN and PNAN, ciliates and microphytoplankton, 5% for bacteria, Synechococcus and Prochlorococcus. This error includes only cell counts, excluding the errors associated with the biovolume determination and the biovolumecarbon conversion.
Autotrophic and Heterotrophic Indices
[18] Oxygen fluxes were converted into CO 2 fluxes using a different photosynthetic quotient (PQ) for each season (winter: 1.4; spring: 1.3; late summer: 1.1). Indeed, nitrate stocks strongly diminished over the three seasons [Fernández et al., 2005a] (Table 1) , and it has been shown that PQ values were higher when the main source of inorganic nitrogen available was nitrate [Laws, 1991] . The respiratory quotient (RQ) used was 0.8 for all data, which was derived from a previous study in the eastern North Atlantic . Carbon fixation rates (GCP) were then normalized to autotrophic biomass (defined as the autotrophic index) and respiration rates (DCR) were normalized to heterotrophic biomass (defined as the heterotrophic index) and expressed in d
À1
. The autotrophic index is representative of the specific growth rate of the whole phytoplankton community whereas the heterotrophic index is representative of a specific remineralization rate. Care should be taken in interpreting this latter index, since DCR also includes both autotrophic and heterotrophic respiration; therefore the index overestimates the specific remineralization rate. The use of these indices will help to examine if an increase of GCP (or DCR) is due to an increase of the biomass responsible of the autotrophic activity (or heterotrophic activity), or to an increase of specific growth rates (or specific remineralization rate), or both.
Statistical Analysis
[19] Each seasonal data sets (data measured at each depth and at each site, from the surface to the deepest depth sampled for rate determination, 80 or 100 m) were analyzed using a principal component analysis (PCA) [Legendre and Legendre, 1998 ]. Statistical analyses were made on the following variables: rates (GCP, DCR), carbon biomass of the micro-organism categories, depth, temperature and inorganic nitrogen, in order to determine the covariability between rates, organisms and the main environmental variables. The statistical analyses were made on discrete volumetric data. The PCA is based on the partial correlation between variables and synthesizes the results on two (or more) main factors, explaining a large percentage of the total variance.
Results
Hydrological Context
[20] The hydrological context during the legs 1 of each cruise is presented by Ferná ndez et al. [2005a] . The circulation is further described by Assenbaum and Reverdin [2005] and Gaillard et al. [2005] and the associated thermocline water masses in Reverdin et al. [2005] . Mesoscale structures were investigated over 48 hours during legs 2 (Table 1) . Only the cyclonic site (C4) was sampled during the three cruises (Table 1 ). The southern area (south of 41°N), was less ventilated, characterizing these southern mesoscale structures. The mixed layer depth (Z m ) during winter was strongly variable and ranged from 26 ± 13 m (A2) to 98 ± 7 m (A1). During the spring site studies, Z m (Table 1) ranged from 21 ± 6 m at the southern cyclonic eddy (A2) to 61 ± 5 m at the northern anticyclonic eddy (A1). This latitudinal gradient of Z m was also found during the legs 1 [Fernández et al., 2005a] , as well as in modeling studies [Paci et al., 2005] . Z m was less variable in late summer and ranged from 34 ± 3 m (A3-1) to 39 ± 5 m (C3-1). The euphotic layer depth (Z e ) in winter varied with latitude and ranged from 57 ± 3 m in the south (site 1) to 44 ± 1 m in the north (site 4). Z e did not present a similar variability between sites during the spring and late summer cruises and averaged 47 ± 5 m and 89 ± 8 m respectively (Table 1) .
[21] The mean total dissolved inorganic nitrogen concentrations (DIN, i.e., sum of NO 2 À , NO 3 À and NH 4 + ) presented a latitudinal gradient during the winter and spring periods (Table 1) . Within Z m , mean DIN ranged from 3.0 ± 0.1 mM (mean ± sd) to 5.0 ± 0.2 mM in winter (average concentration in the mixed layer). The nitracline depth ranged from 80 m (A1) to 125 m (C4), with a gradient less than 1.5 mM. During spring DIN ranged from 0.8 ± 0.2 mM to 3.2 ± 1.6 mM; the nitracline depth range from 32 m (C4) to 90 m (A2), and the nitracline gradient ranged from 3.3 to 9.2 mM. In late summer, the mixed layer was depleted in DIN except at C4 with DIN = 0.14 ± 0.0 mM. The nitracline depth ranged from 65 m (C4 and C3-1) to 70m (A3-1 and C4), and the nitracline gradient ranged from 3.6 to 6.8 mM ( Table 1 ). The nitracline gradient value and the nitracline depth exhibit the potential limitation for primary production. It should be noted that during winter, the large difference is observed between Z m and the nitracline depth, also that the nitracline gradient values were small, whereas during spring (or late summer), due to the onset (or presence) of a thermocline, DIN values were significantly higher below Z m than in the mixed layer (5.6 ± 1.2 mM and 4.4 ± 1.5 mM mean values for all sites, respectively).
Biological Fluxes
[22] In winter, the integrated rates of GCP and DCR (Figure 3) ), (t = 4.9, p < 0.05, df = 7), characterized by the lowest DIN concentration and the lowest Z m (Table 1) .
[24] In late summer, GCP and DCR rates were much lower than in spring; nevertheless mesoscale variability was observed between sites. Both rates decreased from the anticyclonic eddy (63 mmol O 2 m À2 d À1 and À58 mmol ) during winter, spring, and late summer. The hydrodynamical structure identification is mentioned above the site number. An asterisk indicates that measurements were made in the vicinity of the associated hydrodynamical structure. ) were observed, due to large values of oxygen decrease in dark samples. These rates were thus omitted from the present study because it could not be determined if these high values were due to contamination, analytical problems in that data set or to an unusual biological activity. It is worth noting that this area does not present any unusually high nutrient concentration, temperature, chlorophyll a concentration, primary production rates [Karayanni et al., 2005; Leblanc et al., 2005] , bacterial production rates (data not published) or differences in the microbial community structure.
Autotrophic and Heterotrophic Biomasses
[25] In winter, the integrated microbial community biomass was dominated by autotrophic organisms in the southern anticyclonic eddy (A2), frontal zone and cyclonic eddy (C4) (Figure 4 ). It should be noted that for the northern anticyclonic eddy (A1), the microphytoplanktonic biomass was not determined (lost samples), and only Synechocococcus data were available. The microbial community, in carbon units, was made up of 55% of autotrophs and 45% of heterotrophs. The picophytoplankton and nanophytoplankton community represented 45-55% each of the autotrophic community, whereas the microphytoplankton was never greater than 7% of this community. The bacteria community represented around 80% of the heterotrophic biomass at all sites, and the micrograzers contributed to 20%. The frontal zone was associated with high GCP and DCR values (Figure 3) , and recorded the maximum concentrations in autotrophic and heterotrophic biomasses (respectively ). Interestingly, the cyclonic structure (C4) presented high GCP and autotrophic biomass concentration (266.8 mmol C m À2 ) whereas A1 recorded the lowest DCR value and heterotrophic biomass concentration (88.5 mmol C m À2 ). [26] In spring, the integrated microbial community biomass (Figure 4 ) was dominated by autotrophic biomass (ranging from 57 to 63% of the contribution to the total community). Microphytoplankton was highly variable between sites, driven by a latitudinal gradient, contributing to <4% of the autotrophic biomass at the anticyclonic eddy (A2), 30% and 21% at the vicinity of C4 and SP. Despite missing data at A1, the microphytoplankton biomass was so high that even with only these data the autotrophic biomass calculated (497 mmol C m À2 ) was much higher than at the three other sites. The large contribution of diatoms at this site also coincided with the highest heterotrophic biomass measured (dominated by ciliates and tintinnids). The anticyclonic eddy (A1) situated in the north of the study area, where the highest DIN concentrations and the deepest Z m (Table 1) were also recorded. The biomass of microphytoplankton was mainly responsible for the variability of autotrophic biomass between the spring sites. Thus it was at (A2) in the southern area, were the pool of microphytoplankton was low, that the lowest autotrophic biomasses were found (214 mmol C m À2 ). At this site, the lowest DIN concentration and the shallower Z m were recorded (Table 1) .
[27] In late summer, the autotrophic ranged from 57.8 to 76.0 mmol C m À2 and the heterotrophic biomass ranged from 46.1 to 79.8 mmol C m
À2
. The variability of heterotrophic biomasses was mainly due to that of bacterial biomass, whose contribution ranged from 70 to 87% of the heterotrophic community biomass. It was greater Figure 4 . Integrated biomass of the autotrophic and heterotrophic microbial organisms during winter, spring, and late summer. The hydrodynamical structure identification is mentioned above the site number (C4 and C3-1, cyclonic eddies; A1, A2, and A3-1, anticyclonic eddies; FZ, frontal zone; SP, saddle point; an asterisk indicates that measurements were made in the vicinity of the associated hydrodynamical structure). Diamonds indicate no measure of microphytoplankton; double diamonds indicate no measure of pico-and nanophytoplankton. ) in the cyclonic eddy C4 in which we recorded the highest value of DIN (Table 1) .
Autotrophic and Heterotrophic Indices
[28] In winter, the autotrophic index was constant over the three sites (A2, frontal zone, C4) where this value could be determined and averaged 0.36 ± 0.04 d À1 ( Figure 5 ). Thus at these three sites biomass and GCP fluxes varied in the same way. Although the mean index decreased from winter to spring (0.51 ± 0.16 d À1 , 0.46 ± 0.16 d À1 , respectively, including site A1) the difference was not significant (t = 0.24; p = 0.83; n = 2), due to a great variability of the index in spring. The highest value (0.64 d
À1
) was recorded in the southern anticyclonic eddy A2 in the southern area where the lowest DIN concentration and shallower Z m were found (Table 1) . Although at the anticyclonic eddy (A1), only microphytoplankton data were available for the autotrophs, the autotrophic index was considered since almost all the primary production was due to diatoms [Leblanc et al., 2005] . This value was particularly low (0.3 ± 0.1 d À1 ). Finally, in fall, the autotrophic index increased further with a value of 0.54 ± 0.19 d À1 ( Figure 5 ). (Table 1) .
Statistical Analysis
[30] The PCA is used to describe within a two-dimensional space the linear covariability of the observed variables. In this study, we present only the representation of the two main factors, which account for over 50% of total variance. We have arbitrarily chosen not to take into account any variable which coordinates were less than 0.5 to an axis, and it is not thought to have a significant part in explaining the variance summarized by the axis (shaded box in Figure 6 ).
[31] In winter, the first two factors in PCA accounted for 59.1% of the variance (factor 1, 35.3%; factor 2, 23.8 %; df = 54; p < 0.001). The main axis accounts for the covariability between the GCP rates, the micrograzers and the depth. The second axis accounts for the covariability between inorganic nutrients and temperature, and to a lesser extent the second axis accounts for the covariability between the microphytoplankton and picophytoplankton as well as depth (Figure 6a) .
[32] In spring, the first two factors accounted for 85.6% of the variance (factor 1, 66.4%; factor 2, 19.2%; df = 54; p < 0.001). The main axis accounts for the covariability of the GCP, DCR rates, the nanophytoplankton, picophytoplankton, bacteria, nutrients, depth, temperature, also to a lesser extent the main axis accounts for the covariability of the microphytoplankton and micrograzers. The second axis describes the covariability of the microphytoplankton and micrograzers and temperature (Figure 6b) .
[33] In late summer, the first two factors accounted for 66.1% of the variance (factor 1, 41.4%; factor 2, 24.7%; df = . Principal component analysis results for POMME 1, 2, and 3 cruises. Abbreviations are as follows: MP, microphytoplanton; NP, nanophytoplankton; PP, picophytoplankton; G, micrograzers; B, bacteria; GCP, gross community production; DCR, dark community respiration; T, temperature; Z, depth; N, dissolved inorganic nitrogen. Axes are factor 1 and 2 of the PCA, respectively. The shaded area expresses a nonsignificant contribution to the explained variance, arbitrary criteria. 54; p < 0.001). The main axis accounts for the covariability of the micrograzers, temperature and inorganic nitrogen. The second axis is describing the covariability of GCP and DCR rates, and the nanophytoplankton (Figure 6c ).
Discussion
Trophic Status of the Study Area
[34] The study area is both within the NADR and at the transition zone between NADR and the North Atlantic Subtropical Gyre (NASE) provinces [Longhurst et al., 1995] . In 2001, the POMME area clearly showed a seasonal cycle (Figure 7 ) with an ecosystem dominated by autotrophy in winter (NCP: 52.9 ± 31.9 mmol O 2 m À2 d
À1
) and spring (NCP: 57.2 ± 21.9 mmol O 2 m À2 d À1 ) and a balanced system during late summer (NCP: 2.4 ± 20.0mmol O 2 m À2 d
). These results contrast with values obtained from previous studies conducted in the NASE province situated south of the study area. The NASE province in the eastern Atlantic Ocean was dominated by net heterotrophy during summer 1998 (NCP:
, by a balanced system during spring 1999 (NCP: À13 ± 19 mmol O 2 m À2 d À1 [González et al., 2001] ) and net heterotrophy in September 2000 (NCP: À33 ± 14 mmol O 2 m À2 d À1 ). The annual budget within POMME area, was estimated using linear interpolation between sampling dates. Thus the mean annual NCP rate in the upper 100 m would correspond to 33 ± 19 mmol O 2 m À2 d
, which is a potential carbon sink for the atmosphere.
Sources of Variability
[35] Sources of variability of fluxes can be explored more carefully in our study where sampling partially achieved mesoscale level during the legs 1. This earlier sampling provided with the environmental description for the selected sites of legs 2, where process studies were carried out for 48 hours.
[36] During the leg 1 of the winter cruise, chlorophyll concentrations and nitraclines were observed almost at all sites at greater depth than 100 m depth [Claustre et al., 2005; Fernández et al., 2005a] , suggesting deep mixed layers and strong light limitation just before the leg 2 of the winter cruise. At the start of leg 2 (1 -17 March) the ecosystem was still rich in nutrients (Table 1 ). The community structure was mainly composed of pico-and nanophytoplankton (Figure 4) , and GCP was covarying mostly with the micrograzers (Figure 6 ), suggesting a top down control on small autotrophic biomass. Profiles of micrograzer biomass were homogeneous over the upper 100 m [Karayanni et al., 2005] , indicating that the ecosystem was at an early stage in ecological succession [Legendre and Rassoulzadegan, 1995; Duarte et al., 2000] . However the system was already clearly autotrophic during leg 2 of the winter cruise (mean NCP: 52.9 ± 31.9 mmol O 2 m À2 d
À1
). These data are consistent with noticeable increases of integrated chlorophyll with time within the euphotic zone during leg 2 [Claustre et al., 2005] , and primary production based on 14 C data [Karayanni et al., 2005] , which confirm a bloom initiation. However, there was a great variability around the mean value of NCP. We previously reported that the horizontal distributions of GCP and DCR at 5 m were constrained by hydrodynamical structures [Maixandeau et al., 2005] . This is confirmed by the depth integrated values of GCP rates, DCR rates and microbial biomass presented in Figures 3 and 4 . GCP and autotrophic biomass were higher in the cyclonic eddy (C4) and in the frontal zone. This is consistent with earlier observations [Falkowski et al., 1991; Oschlies and Garçon, 1998; Rodríguez et al., 2001; Sournia et al., 1990] . On the other hand, autotrophic indices do not vary between sites suggesting that the growth rate of the autotrophic community is not controlled by the hydro- (Table 1) during winter, spring, and late summer. The hydrodynamical structure identification is mentioned above the site number. dynamical context. The consistency of this ratio within the range of variation of the autotrophic biomass (100% variation between site 1 and site 3), and the range of variation of GCP rates (60%) seems to indicate a close coupling between the autotrophic biomass and its related rate, independently of the hydrological context. Heterotrophic biomass, DCR fluxes and heterotrophic index are lower in the cyclonic eddy C4. At this site bacterial respiration is almost completely responsible for DCR [Maixandeau et al., 2005; F. van Wambeke et al., manuscript in preparation, 2005] , this suggest that bacterial remineralization processes are reduced. This could be explained by the time required for bacteria to reduce organic matter [Blight et al., 1995] , as the freshly produced organic matter is advected out of the cyclonic eddy by divergent currents [Maixandeau et al., 2005] . Thus in winter a disequilibrium between GCP and DCR is enhanced in the cyclonic eddy (C4) due to the delayed process of mineralization by bacteria, and consequently a high value of NCP was recorded (Figure 7) .
[37] The time period in which leg 2 of the spring cruise occurred (18 April -2 May) corresponded roughly to a plateau phase in chlorophyll accumulation within Z e [Claustre et al., 2005] . Maximum primary production was reached at the end of the leg 1, in the southwestern part of anticyclonic eddy A2 (up to 300 mmoles C m À2 d
, data based on 13 C measurements [Fernández et al., 2005b] ). During leg 2, observations indicate a clear contrast in microbial biomass and structure between two sites situated within an anticyclonic eddy, but in the northern (site 4, A1) and southern (site 1, A2) areas respectively (Figure 4) . Indeed, at A1, high values of microphytoplankton biomass were observed, mainly diatoms [Leblanc et al., 2005] associated with high heterotrophic ciliates biomass [Karayanni et al., 2005] . In contrast to this variability, rates of GCP and DCR are surprisingly constant over the area (Figure 3) , and could be due to a light reduction under cloudy conditions. Actually, the bloom started earlier in the southern area due to earlier stratification of the winter mixed layer, and thus production was greater in the south until depletion of nutrients [Maixandeau et al., 2005; Lévy et al., 2005] . During leg 2 investigations of the different sites were made from the southern to the northern part. This sampling strategy implied that the latitudinal evolution of the ecosystem and the observations were concomitant and therefore reduced the apparent time lag observed in stratification between the north and the south. Despite this temporal transition, the ecosystem sampled in the south is nutrient limited resulting from a shallow Z m , and the ecosystem in the north is constrained by the light availability due to a Z m deeper than the Z e . Light (e.g., depth) and nutrients are anticorrelated with the GCP and autotrophic biomass (Figure 6 ), exhibiting the depletion of nutrients and light limitation. The stratification is now covarying with rates, indicating that the stratification of the water column and that the activity is mainly constrained within the mixed layer. This is consistent with the study of Lévy et al. [2005] , which is based on satellite data and model outputs. However, the study of Paci et al. [2005] based on a model output, shows not only that the Z m is deeper in the north than in the south, but is also filament-shaped which seems to ''result from the interplay between the atmospheric forcing and the deformation induced by mesoscale eddies'' [Paci et al., 2005, section 4.4, paragraph 3] . In this study, the microphytoplankton biomass presents clear mesoscale variability between sites, which is probably the result of the different bloom stages induced by the mesoscale features [Karrasch et al., 1996] .
[38] At the anticyclonic gyre A1 (site 4) DCR and GCP fluxes were not enhanced in the same proportions than autotrophic and heterotrophic biomasses and consequently the autotrophic and hetrotrophic indices were low. This would suggest that the microphytoplankton growth rate was lower than that of smaller autotrophs. However, this is not the general conclusion obtained from the analysis of photosynthesis-irradiance curves and diagnostic pigments, combined for bio-optical modelling of primary production [Claustre et al., 2005] . These authors showed that, under equal conditions of irradiance and chlorophyll biomass, carbon fixation would be twice higher when diatoms dominate the community. This is in accordance with the recognized opportunistic status of bigger phytoplantonic cells like diatoms, which generally proliferate under good conditions of light and nutrients. The cloudiness was highly variable during the cruise, and indeed the observed PAR at A1 (site 4) was only 53% of what it would have been on a sunny day. Similar cloudy conditions were met at the cyclonic eddy C4 where the daily irradiance was only 52% of the one occurring on a sunny day. This confirms that GCP could have been much higher at these sites. Finally, the low heterotrophic index obtained at the site 4 (anticyclonic eddy A1) confirms that DCR was not greatly affected by the blooms of tintinnids that were taking place, representing twice the bacteria stocks, because microzooplankton respire, per unit biomass, much less than heterotrophic bacteria. In spring, stratification appeared to be temporally variable and modulated by mesoscale structures (Table 1) and stratification was also the main controlling factor in ecosystem functioning. However, the mesoscale effects were finally more easily observed on biomass structures, which integrate past events, than from a single profile of GCP and DCR which was measured in highly variable conditions of cloudiness.
[39] In late summer, the microbial community was adapted to nutrient limitation (Table 1 ) and dominated by small cells (Figure 4 ) whose surface-to-volume ratio is high and enhances the uptake of dissolved nutrients [Chisholm, 1992] . Micrograzers were only present in mixed layer, and we observed an uncoupling the variabilities of environmental variables, rates and micro-organisms biomasses ( Figure 6 ). Covariability between nanophyhtoplanktonic biomass and GCP rates contrasted with the lack of covariability between GCP and other phytoplanktonic biomasses, probably because (1) there was a limited range of phytoplanktonic biomasses and (2) in a system functioning on nutrient regeneration, direct correlations between stocks should be reduced, due to the different timescales involved in each processes. It is interesting to note, however, that the covariability between GCP and DCR greatly increased from spring to fall (Figure 6 ), which is also in agreement with strong interactions between mineralization, i.e., regeneration fluxes, and primary production. Mesoscale variability was not clearly evidenced from Figures 3 and 4 as the microbial community biomass and fluxes were low. However, DIN . in the mixed layer was greater within the cyclonic eddy (C4 , Table 1 ) which could be due to nutrient injection [Falkowski et al., 1991; McGillicuddy et al., 1998; Oschlies and Garçon, 1998; Fernández et al., 2005a] . This indicates that the ecosystem was not exclusively sustained by regenerated nutrients at this site. Interestingly, the cyclonic eddy (C4) was characterized by lower autotrophic and heterotrophic indices (Figure 5 ), i.e., slow growth and decay rates. In this case, daily irradiance, equal at the site A3-1 and C4, was not a sufficient explanation to justify the autotrophic index decrease. Since mesoscale features constrain the stratification [Karrasch et al., 1996] , the cyclonic eddy could have delayed the ecosystem development, by dispersing the biogeochemical resources produced at its edges through filament formation [Lima et al., 2002] .
Conclusions
[40] For all seasons, the variability in GCP and DCR did not follow the same pattern as microbial biomass and structure. The information given by the microbial community structure is integrated a large period of time and could mirror past events, whereas biological fluxes are representative of the instantaneous ecosystem functioning. Mesoscale structures controlled spatial variability of the biological processes in winter, which were characterized by an increase in net autotrophy at the cyclonic eddy. In spring, the ecosystem was in a transient state due to delayed stratification in the north, which is modulated by the mesoscale structures. However the variability in cloudiness probably led to constant biological fluxes throughout the sites; in late summer, in spite of weak variability and strong stratification, the cyclonic eddy (C4) delayed the evolution of the ecosystem. Finally, this study highlights that small organisms (picoautotrophs, nanoautotrophs, and bacteria) are the main organisms contributing to biological fluxes throughout the year and that episodic blooms of microphytoplankton are related to mesoscale structures.
